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fr?^ forgeable turbine Ni superalloys contg. Cr 14-18, Co 

ir^nn finn^i"^ 80-150 .degree . /nun, and aging 8-24 h ^^"^^^n. 

Mn^rfnH"?^^''^;' ""^^ ^""^^P includls conversion of ingot to a 

billet and final forging at a starting ten?), of 5-25. degree abovrLd 
carrying on temp, below the .ga™„a. ' solvus temp. The aMo^s 
have higher fatigue cracking resistance and strength and comparable cr^en 
properties to those of powd. metallurgy alloys. ?hus, the Si ^ 
alloy contg. C 7.0, Cr 11.0, W 3.2, Al 2.8, Ti 2.1, Nb 2 4 Zr 0 OS r 
0 01, and C O.OIJ exhibited only minor cracks during forg^;g:t' 
2050. degree.. The yield strength, tensile strength! and elongation at 
room temp, were 147 ksi 210 ^r.H o-ra rr.i t^J-ongation at 

at 1200.degree. were U2, ISlSr^nd 20 ' -"-Ponding values 
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PI US 5061324 A 19911029 US 1990-503007 19900402 

AB The Ni superalloys having .gtoreq.35 vol . % . gamma .* -phase are isothermally 
forged for .gtoreq.20% deformation below the solvus temp., annealed at a 
higher temp, to dissolve the pptd. . gamma -phase, slowly cooled for an 
equiaxed microstructure with 50-60 .mu.m grain size, and optionally 
aged for 8-64 h at 650-850 . degree . . The resulting parts from 
sintered Ni superalloys of Astroloy and related types show increased 
resistance to fatigue crack growth, esp. in high-temp, cyclic loading with 
a holding at the max. stress. The isothermal forging is controlled at 
5-125 . degree, below the solvus temp, and the strain rate of nominally 
0 . 001-0 . 1/min (decreasing with the lower forging temp.) to maintain the 
microstructure with grain size of .Itoreq.lO .mu.m, prior to the grain 
growth to 50-60 .mu.m in the annealing stage at 5-35. degree, above the 
solvus temp. 
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AB Superalloy forgings are heat-treated for a fine-grained microstructure to 
increase the resistance to fatigue crack initiation and growth. The heat 
treatment is being done in 3 stages at temp, level below the 
. gamma .* -phase solvus temp, with a reheating in 2nd stage in relation with 
forged article size. Thus, MERL 76 superalloy forgings were heat-treated 
2 h at 2140 .degree. F (solvus 2175 .degree. F) to intergranularly ppt. 
coarse .gamma. * -phase, cooled with an air jet at .apprx.lOO .degree. F/h to 
1800 .degree, F and then naturally cooled to room temp., heat-treated 2 h 
at 2075 .degree. F to transgranularly ppt. fine-grained . gamma .' -phase, 
forcedly cooled to room temp., and then aged 16 h at 1350 
•degree. F to obtain a product. 
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AB The articles made of Ni superalloys (esp. Astroloy, IN-100, or Rene 95) 
are heat treated using the true soln. stage followed by aging 
stages, to decrease the crack growth rate. The multiple-stage heat 
treatment promotes the superalloy microstructure having an optimum size 
and arrangement of . gamma -phase particles, esp. for decreased crack 
growth rate in turbine disks. The process is suitable for the Ni 
superalloys contg. Cr 12-15.5, Co 8-19, Ti 2-4.5, Al 3.2-5.2, Mo 2.8-5.4, 
C 0.01-0.1, Zr 0-0.08, B 0.005-0.024, V 0-1, Ta 0-4, Nb 0-1.5, Hf 0-0.45, 
and W 0-4%. 



AN 127:194082 HCA 

TI Hot-die forging of nickel superalloys with annealing for grain 
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AB The Ni-superalloy preform having a microstructure with .gamma, and 
.gamma.* phases is forged in a heated die at the strain rate of 
'0.03-10/s at . gtoreq. 1600 . degree . F but below the . gamma .* -sol vus temp., 
followed by isothermal final forging (esp. at 1925. degree. F) , heat 
treatment with annealing above the solvus temp., and the final cooling. 
The forging process is suitable for the Ni superalloy ingots manufd. by 
sintering and billet extrusion. The Ni superalloys contain mainly Co 
8-15, Cr 10-19.5, Mo 3-5.25, Al 1.4-5.5, and Ti 2.5-5%. 
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Wear and corrosion resistant alloy comprises, by wt., Co max. 35%, 5-20% 

Cr, 1-10% Mo, 1-4% B, 1-5% Si, Mn max. 2%, optionally one or both of C 

max, 0.3% and Fe max. 25%, and the balance Ni and 

impurities. Al content existent as an impurity in the alloy is below 1%. 

USE/ADVANTAGE - The alloy is useful as a hard layer applied onto the 
surface of a cylinder for an injection moulding machine, slurry pump, 
compressor, etc. Its hardness is enhanced by the formation of cobalt, 
nickel and chromium borides, and its corrosion resistance is 'improved by 
the addition of Co, Cr and Mo. 

In an example, an alloy (33.3% Co, 5.0% Cr, 8.0% Mo, 4.0% B, 3.0% Si, 
0.8% Mn, 0.12% C, 0.012% Al, 0.70% Fe and bal.Ni) had hardness of HRC 
53.2, specific abrasion ratio of 5.1 x 10-8 mm2/kg and corrosion wt. loss 
of 19.2 mg in a 50%-HCl solution or 12.7 mg in a 50%-H2SO4 soln. 
0/0 
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The tyre mould segments made of aluminium or its alloys have inserts on 
the internal surface for forming the tread pattern made of nickel or its 
alloys. This makes them compatible with the hard anodising bath and 
process applied normally to the external and internal mould surfaces. 
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TI Cylinder for plastic moulding machine etc - has lining material formed of 
chromium boron, carbon, silicon, manganese , iron , copper , tungsten , 
cobalt , molybdenum , nickel etc. 
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•Lining material included in a cylinder, is formed of Cr of 5.; 0-20.0 wt.% B 

of 1.5-4.0 wt.%, C of 0.7 wt.% or less. Si of 1.0-4.0wt.%, Mn of 2.0wt.% 

or less, Fe of 5.0-20.0 wt.%, Cu of 5 . 0-20 . Owt . %, W of 3 . 0-15 . Owt . %, Co of 

3.0-20.0 wt.%. Mo of 2. 0-12. Owt. %, Ni remainder and 

impurities of Ni gp. alloy. 

The cylinder includes a hollow cylindrical cylinder mother material 

made of alloy steel and an abrasion-and-corrosion resistant lining 

material which is provided on the inner surface of the cylinder mother 

material . 

USE/ADVANTAGE - For plastic moulding machine etc. A cylinder having 
high fatigue strength and anti-cracking property, is obtained without 
extra cost or work. 
Dwg. 0/9 
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Refractory lining for a metal foundry mould - having > 
intermediate lining to improve adhesion of protective lining. 
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A metallic mould is coated with an intermediate layer made of an 
alloy of Ni, Cr, Al and Y followed by a protective 

refractory layer chosen from mullite, yttrium oxide and mixtures of 
MgO-A1203 such as spinel. 

USE - As mould for casting Al-Si alloys. 

ADVANTAGE - Has increased working life compared with mould 
lining made by spray gun coating, 
.Dwg.0/1 
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AB The effect of heat treatment was studied on the content, dispersity, and 
distribution of the basic strengthening • QaiQzna- '~phase in the 
cast Ni alloy EP539L [37322-14-8] . The optimum parameters for 
specimens cast in hot ceramic molds were (1) heating at 
1150. degree, for 2 h (2) air cooling to 850. degree, and 
aging for 16 h (3) air cooling. Heat treatment at 

optimum parameters resulted in highly ordered and uniform distribution of 
1000-1400 .ANG. particles of the strengthening .gamma. *-phase. 
The following mech. properties were obtained at 900. degree. : i.tensile 
strength 56-58 kg/mm2, elongation 12-16, and area redn. 16-20%. 
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The traveller has on a base material surface, (a) an undercoating layer 

composed of Ni-Fe alloy/ and (b) a Ni-P 

based surface layer which is formed by plating or composite 

plating. The undercoating layer is pref. 0.1-5 microns thick, and the 

surface layer is 3-15 microns thick. 

USE/ADVANTAGE - The traveller has improved wear resistance. Adhesion 
of the Ni-P based surface layer to the substrate is 
improved by the Ni-Fe based undercoating layer. 

In an example, a C- figure-shaped traveller made of hard steel wire 
was electroplated to form about a 1 micron thick Ni layer on its surface. 
By heat-treating at 850 deg.C for 10 mins. in nitrogen atmos followed by 
quenching in an oil bath, the Ni-layer was diffused 

into the substrate to form a Ni-Fe undercoating layer. On the traveller 
surface, Ni-P layer was formed by electroless plating. By heating at 400 
deg.C for about 1 hr. followed by heat-treating at 400 deg.C for about 1 
hr., a surface layer having a Vickers hardness of about 1000 Hv was 
formed. 
0/4 
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AB A rigid die insert used in hot forming and shaping is manufd. 
from a Ni superalloy (preferably Rene 95), and is heat 

treated in 2 stages to promote uniform grain size and distribution of the 
.gamma.' phase. The superalloy insert is heated to sub-solvus temp, of 
. apprx. 2050 .degree . F, held under inert atm. for .apprx.2 h to dissolve 
the larger . gamma .* -phase grains, quenched to room temp., and reheated for 
16 h at . apprx. 1400 .degree. F under Ar for uniform growth of the 
. gamma -phase grains. The heat-treated insert has the Rockwell C-scale 
hardness of 48-52 with increased yield strength, and shows resistance to 
cracks under mech. loading. 



